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(54) Respiratory system for the treatment of sleep apnea syndrome 

(57) The system, which overcomes airway obstruction or 
restriction in a patient on demand, comprises a blower 
unit 12 for generating airflow, a conduit 22 leading 
therefrom to a mask 20 worn by the patient and a sensing 
conduit 26 in communication with a sensor 28 (via a 
conduit 21) and a restrictor 32 which creates a lower 
pressure on the output side of the flow sensor to bias it for 
maximum sensitivity. The sensor, which reads the 
pressure at or near the proximal end of conduit 22, 
comprises a portion of a circuit board 36, a signal from 
which drives a blower speed control unit 38. Output air 
pressure to the delivery conduit 22 is continuously 
increased, instantaneously stopped, and slowly decreased 
in response to real-time changes in the patients 
inspiratory flow curve as detected and interpreted by the 
system and provides the optimal pressure required to 
restore airway patency on each breath. 
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At .east one drawing originally fi.ed was informal and the print reproduced here is taken from a .ater fi.ed formal copy. 
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DEVICE AND METHOD FOR TH * TREATMENT OF 
ST,ggP APNEA SYNDROME 
This invention relates to treatment of sleep 
apnea syndrome and more particularly to an arrangement 
of treating a patient with ventilation to overcome 
critical flow limitations created by insufficient 
inspiratory effort, obstruction, blockage, narrowing, 
or constriction of a patient's airway. 

The present invention relates to the 
treatment of sleep apnea syndrome, a disorder 
characterized by repetitive episodes of partial or 
complete upper airway obstruction during Bleep. 
Hundreds of apneic episodes may occur during the sleep 
period, and are usually associated with blood oxygen 
desaturation and subsequent arousal from sleep. 
Consequences of sleep apnea syndrome include: social 
problems due to snoring, excessive daytime sleepiness, 
increased accidents due to sleepiness, and. severe blood 
oxygen desaturation which may lead fo tbe development 
of cardio -pulmonary problems, including sudden death 

dv.rin<7 sleep. 

Since the- early 1980' s, an affective and 
commonly used treatment for sleep apnea syndrome has 
been Continuous Positive Airway Pressure (CPAP) . CPAP 
consists of a positive pressure air supply delivered to 
a patient by means of a sealed breathing mask. Without 
positive air pressure therapy, the tissues in the upper 



airway collapse due to negative inspiratory pressure, 
thereby producing obstruction. The continuous positive 
airway pressure provides an air splint to the upper 
airway, thereby preventing collapse of the pharyngeal 
tissues. 

CPAP devices provide a preset flow of air 
with a pressure between two and twenty centimeters of 
water, to prevent this suction collapse of the tissue. 
The CPAP device is preset at the highest pressure 
required to prevent the patient's most severe degree of 
airway obstruction. This maximum pressure level is 
determined during a one night CPAP titration study. 
However, pressure requirements vary with every patient 
and depend on the patient's physical condition (e.g. 
nasal congestion, alcohol effects, fatigue, sleep 
stage, body position, etc.). Therefore, the 
appropriate level determined during the sleep study 
usually is the maximum pressure required to overcome 
the most severe level of the upper airway obstruction 
during that one test. 

These devices are deficient, since the 
maximum pressure with CPAP is not ideally suited to all 
occasions or every night. Because of the technical 
limitations, the pressure must be preset at a level 
higher than necessary during most of the sleep period. 
This creates various problems for the user. First, the 
long term effects of CPAP therapy are unknown, so it is 
desirable to keep the airway pressure as low as 
possible. Second, continuous high air flow lea-Jj to 
nasal dryness, discomfort, swallowing of air, etc., all 
of which tend to lower user compliance. Finally, the 
fact that CPAP pressure requirements change over. time 
with changes in the patient's physiology, necessitates 
ongoing follow up and cost to assure that the optimal 
level of pressure is being delivered. Otherwise, the 
patient can be subjected to the risks of under - 
treatment or the hazards of over- treatment . 
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There have been several CPAP devices 
developed, such as the ones described in U.S. Patent 
Numbers 5,117,819 to Servidio et al. and 5,199,424 to 
Sullivan et al., which attempt to improve user 
5 compliance by gradually increasing pressure from when 
the unit is first turned on, at a selected rate up to a 
predetermined and prescribed therapeutic level. This 
allows the patient to fall asleep at a more comfortable 
lower pressure. However, this prescribed pressure is 
10 still the highest pressure required to treat the worst 
case obstruction, the latter may only occur for a 
fraction of the total sleep period. Thus, the patient 
will be over treated during much of this sleep period. 
Other patented CPAP devices, such as U.S. Patent Number 
15 5,239,995, to Estes et al. allows independent 

presetting of the inspiratory and expiratory prescribed 
pressures. This provides the patient with a more 
comfortable expiratory pressure, while the inspiratory 
pressure remains the same as with traditional CPAP. 
20 The patient however, will also be overtreated during 

the sleep period. 

There are CPAP devices available, which 
automatically adjust CPAP pressure levels as a 
professional sleep technician would do during a 
25 traditional CPAP titration study. For example, U.S. 

Patent Number 5,245,995 to Sullivan et al. discloses an 
apparatus which continuously senses a patient's 
breathing "patterns- through one or more sensors. When 
this device detects abnormal breathing "patterr«" , it 
increases the CPAP 'level to restore the patient's 
normal breathing, and prevent the collapse of the 
airway. This patent describes a microprocessor-based 
device that senses and evaluates breathing patterns 
over an extended period of time. The device 
accumulates, stores, analyses and retrieves data to 
determine the required pressure level changes. The 
Sullivan '995 patent, unlike the present invention, 



30 



35 



- 4 - 



10 



15 



20 



requires microprocessors, software and programming, 
which is complex, expensive and prone to problems such 
as the need to store data during any brief interruption 
of electrical power. 

Sleep Apnea Syndrome (SAS) is defined as a 
critical reduction of air flow which lasts at least ten 
(10) seconds. Ten seconds is the minimum time required 
to cause significant blood oxygen desaturation and 
subsequent arousals from sleep. Therefore, the attempt 
to prevent all air flow reductions based upon past w 
breathing patterns is unsound. For example, U.S. 22, 
Patent Number 5,245,995 describes a device that uses 
snoring and snoring patterns as an accurate parameter 
for detecting imminent apneic episodes. Once detected, 
said device increases the pressure to eliminate the 
snoring sound. However, not all people who snore have 
obstructive sleep apnea syndrome and not all snoring 
noises made by a patient with sleep apnea syndrome are 
associated with a detrimental reduction of air flow. 
In the latter situation, prior art devices may supply 
excessive air pressure to a "normally" functioning 
airway. The narrowing of the upper airway should be 
measured and only then treated with therapy. Until the 
optimal time is reached, positive airway pressure to 
25 the patient should be limited. U.S. Patent 5,570,631 
to Durkan shows a system which supplies discontinuous 
pulses or spikes of pressure therapy. Durkan however, 
fails to disclose any self -adjustability in the 
pressure supplied to the patient. Durkan also fails to 
3 0 address critical fl*>w limitation problems which are 

characterised by a pressure drop of the same magnitude 
as a normal breath, but are of such short duration that 
the patient's inspiration volume is detrimentally 
reduced. Durkan' s system uses a switch arrangement 
35 based on a static atmospheric threshold. Durkan' s 

system also fails to compensate inhalation based upon 
the presence of a mask leak that would lower mask 



pressure below the static threshold. This reduced 
pressure in Durkan would be interpreted as an 
inhalation, thus preventing Durkan' s system from 
properly administering pressure. 

It is therefore an object of the present 
invention to provide a device which will interactively 
sense and respond on a breath-by-breath basis, and 
overcome detrimental air flow reductions in the airway 

of a patient. 

It is a further object of the present 
invention to provide a respiratory device which will 
automatically self -adjust to a patient's diverse 
pressure requirements to effectively correct critical 
flow limitations. 

It is yet a further object of the present 
invention to provide a respiratory device which 
generates the lowest possible mean pressure to avoid 
over- treating the patient with excessive air pressure. 

It is still yet a further object of the 
present invention to provide a respiratory device which 
can automatically adjust its sensitivity to determine 
critical flow reduction in the presence of anticipated 
mask leaks. 

The present invention comprises a respiratory 
system for overcoming a critical airflow limitation as 
required by a patient connected to the system, 
comprising an airflow generating means; a delivery 
conduit in communication with the airflow generating 
means to direct a base level air pressure to the airway 
of the patient; an air sensing ireans arranged in fluid 
communication with the delivery conduit for detecting, 
on a continual basis, any changes in airflow to the 
airway of the patient; detection means arranged in 
communication with the air sensing means for 
continually providing a real time inspiratory breath 
attribute signal of the patient to a central circuit; 
reference signal means arranged with the sensing means 



for continually providing a real time dynamic tracking 
signal from the real-time inspiratory breath attribute 
signal; and decision means of the central circuit 
arranged to utilize the real-time inspiratory breath 
attribute signal and the real-time dynamic tracking 
means to identify a critical airflow limitation to the 
airway of the patient, the decision means being 
arranged with the airflow generating means to 
continuously increase air pressure from the airflow 
generating means to restore airway patency, and to 
instantaneously stop increasing and to begin decreasing 
air pressure, at a lesser rate and in a curvilinear 
fashion, upon detection of a normal inspiratory flow of 
air to the patient's airway. The invention also 
comprises the decision means being arranged to 
continuously increase air pressure from the airflow 
generating means when the real-time inspiratory breath 
attribute signal exceeds the real-time dynamic 
reference tracking signal for a predetermined time 
duration, the decision means being arranged to stop 
increasing and begin decreasing, at a much lesser rate, 
the airflow generating means when the real-time 
inspiratory breath attribute signal is less than the 
real-time dynamic reference tracking signal for a 
second predetermined minimum time duration. The 
invention includes detection means which differentiates 
between a normal and an abnormal single breath 
inspiratory flow attribute, and wherein the detection 
means utilizes a time based amplitude measurement to 
differentiate between the normal and abnormal breath 
attributes . 

The invention also includes a first 
predeterminable time duration which is the maximum 
duration of time a patient can tolerate airflow 
limitation and not suffer detrimental blood oxygen de- 
saturation and physiological sleep disruptions 
therefrom, and a second predeterminable time duration 



which is the minimum duration of peak inspiratory flow 
required to be characterized as a normal inspiratory 
breath attribute. The invention further comprises 
further means for triggering the airflow generating 
means to stop increasing air pressure and begin 
decreasing, in a curvilinear fashion and at a much, 
lesser rate, when the airflow generating means reaches 
the preset maximum pressure output level prior to the 
real-time single breath attribute signal being less 
than the real-time dynamic reference tracking signal 
for a second prede terminable minimum time duration, and 
including means for adjusting the magnitude of the base 

level pressure. 

The invention includes a method of overcoming 
a constriction or critical airflow limitation of the 
airway of a patient attached to a respiratory system, 
comprising the steps of: generating a constant low 
rate of air pressure from an airflow generator; 
directing a constant rate of air pressure through a 
delivery tube to a nasal mask worn by the patient; 
receiving a flow of air from the patient by a sensing 
means in the system; detecting a critical airflow 
limitation in the airway of the patient by sensing, on 
a breath to breath basis, a prolonged absence of a 
normal inspiratory flow signal; signaling the airflow 
generator to continuously increase the air. pressure 
therefrom, upon detection of a restriction, so as to 
restore patency in the patient's airway; stopping the 
increasing air pressure to the patient upon sensing of 
a normal inspiration down the patient's now open 
airway; and triggering a subsequent signal to the. 
generator to diminish the air pressure to the patient's 
now patent airway, to its prior constant low base 
level. The method also includes the decision means 
being arranged to continuously increase air pressure 
from the airflow generating means when the real-time 
inspiratory breath attribute signal exceeds the real- 



time dynamic reference tracking signal for a 
predetermined time duration, the decision means being 
arranged to stop increasing and begin decreasing, at a 
much lesser rate, the airflow generating means when the 
real-time inspiratory breath attribute signal is less 
than the real-time dynamic reference tracking signal 
for a second predetermined minimum time duration. The 
method includes a detection means which differentiates 
between normal and abnormal single breath inspiratory 
flow attributes, and when the first prede terminable 
time duration is the maximum duration of time a patient 
can tolerate airflow limitation and not suffer 
physiological sleep disruptions therefrom. 

The method also includes determining when the 
second predeterminable time duration is the minimum 
duration of peak inspiratory flow required to be 
characterized as a normal inspiratory breath attribute. 

The invention comprises a system for 
overcoming airway obstruction or restriction on demand, 
in a patient connected to the system, the system 
comprising: an airflow generating means, a delivery 
conduit in communication with the airflow generator and 
a mask worn by a patient so as to direct a flow of air 
to the patient, and an air sensing means in 
communication with the mask and adapted to rapidly 
changed the air pressure from the airflow' generating 
means upon the detection of a change in the airway of 
the patient wearing the mask. The system includes: a 
means for controlling the air pressure from the airflow 
generating means as it is sensed by the sensing means, 
and the mask has a constant rate of air pressure 
directed to it, which rate is increased upon the 
detection of a prolonged airway obstruction or 
restriction from the patient wearing the mask. 

The invention comprises a method of 
overcoming a restrictive or obstructive condition of 
the airway of a patient attached to a demand positive 



airway pressure system which system includes the steps 
of: generating constant air pressure from the airflow 
generator, directing constant air pressure from the 
airflow generator through a delivery tube to a nasal 
mask worn by the patient; directing a flow of air from 
the patient to a flow rate sensor; detecting an 
obstruction or restriction in the airway of the patient 
by sensing a prolonged diversion of air flow through 
the sensor; and signaling the airflow generator to 
increase the air pressure therefrom to push open the 
obstruction or restriction in the patient's airway. 
The method also includes the steps of: reducing the 
air flow to the flow rate sensor, due to a diversion of 
airflow down the patient's now unobstructed airway; and 
triggering a subsequent signal to the airflow generator 

to diminish the air pressure to the now unobstructed 
patient, to its normal constant low level. 

The objects and advantages of the present 

invention will become more apparent when viewed in 

conjunction with the following drawings, in which: 

Figure 1 is a plan view of the device, partly 

in section and partly in block diagram format; 

Figure 2a is a graph which represents the 

patient mask pressure and the dynamic reference signal 

as a function of time; 

Figure 2b is a graph which shows a 

representation of the signal of the inhalation detector 

with respect to time; 

Figure 2c is a graph which shows a 
representation of- the inhalation detector with the 
antifalsing circuit included therewith; and 

Figure 3 is a graph which shows a 
representation of how the present invention limits 
airway pressure based upon patient inhalation. 

Referring to the drawings in detail, and 
particularly to Figure 1, there is shown a plan view 
and a schematic representation of a demand positive 
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airway pressure system 10, which is utilized to show a 
device useful for restoring normal airflow in a patient 
with a critical airflow limitation. 

This demand positive airway pressure system 
10 comprises a blower unit 12 having an air intake port 
14 or oxygen source. The blower unit 12 is rotatively 
powered by a variably adjustable electric motor 16 
capable of continuous ramp up and ramp down. The 
blower unit 12 has an output port 18 which is in fluid 
flow communication with a nasal mask 20 through e ,ide 
bore delivery conduit 22. The delivery conduit 
common in the field, is about 3/4 of an inch in 
diameter. 

A narrower sensing conduit 26 is also in 
fluid communication with the delivery conduit 22, as 
shown in Figure 1. The sensing conduit 26 is also in 
communication with a sensor 28 through a first conduit 
21, and a restrictor 32, which is a flow "restrictor- , 
such as manufactured by Bird Precision Co. of Waltham, 
Mass., (which is a 0.040 inch flow restrictor), a 
barbed fitting having a central lumen for permitting 
controlled bleeding of flow of pressurized air from the 
downstream conduit 30. The restrictor 32 creates a 
lower pressure on the output side (conduit 30) of the 
flow sensor 28 to bias the flow sensor 28 for maximum 
sensitivity. 

The downstream conduit 30 continues to be 
ducted through a biasing conduit 19 into the output 
port 18 of the blower 12. The conduit 19, 30 and 21 
comprise a shunt in line with the flow sensor 28. 

The flow sensor 28 thus is permitted to have 
a flow of air therethrough, because of the imbalance of 
air pressure between the first and downstream conduits 
21 and 30 respectively. This is a precise way of 
measuring pressure within the mask 20. It is however, 
reading the pressure of the mask/patient, at or near 
the proximal end of the delivery conduit 22. 
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The flow sensor 28 comprises a portion of a 
circuit board 36, the components of which are shown in 
block form in Figure 1. The circuit board 36 includes 
an electrical noise filtering circuit 23 comprised of a 
first high frequency polypropylene film capacitor 
shunted to ground, a series resistor followed by a 
second high frequency polypropylene film capacitor and 
a tantalum bead capacitor shunted to ground. The 
signal from the flow sensor 28, which is a voltage 
representation that reflects pressure and real-time 
changes thereto, is passed through the filtering 
circuit 23 and into an inhalation detection circuit 24. 
The inhalation detector circuit 24 comprises a high 
gain differential operational amplifier connected to a 
dynamic reference circuit 25. The dynamic reference 
circuit 25 is comprised of a voltage divider including 
a resistor/capacitor network, as shown in block form in 
Figure 1. 

A time delay feature is incorporated in the 
dynamic reference circuit 25 through the use of two 
capacitors tied to ground. The output of this dynamic 
reference circuit 25 based on the input of the flow 
sensor 28, provides a reference voltage signal "R" that 
is slightly below the airflow sensor 28 voltage output, 
and lags the real time changes as communicated through 
the sensing and first conduits 26 and 21, 'and generated 
by the airflow sensor 28. The dynamic reference 
circuit 25 feeds a signal to a negative input on the 
differential operational amplifier of the inhalation 
detection circuit- 24 . The filtered signal from the 
electrical noise filtering circuit 23 drives the 
positive input of the operational amplifier of the 
inhalation detection circuit 24. The operational 
amplifier of the inhalation detector circuit 24 
compares the real time filtered sensor output to the 
dynamic reference generated by the dynamic reference 
circuit 25. When the signal from the flow sensor 28, 
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(as filtered by the electrical noise filtering circuit 
23), is higher than the dynamic reference signal, the 
output of the differential operational amplifier is 
low, or a "logical" zero. 

When the signal from the flow sensor output 
28, (as filtered by the electrical noise filtering 
circuit 23), drops below the dynamic reference signal, 
the output of the differential operational amplifier 
goes high or a "logical" one. The response of this 
inhalation detector circuitry, is shown in Figures 2a 
and 2b. 

in the presence of a mask leak, a signal from 
the flow sensor 28 will be reduced in proportion to the 
amount of air leaking. The voltage divider in the 
aforementioned dynamic reference circuit 25 
automatically reduces the reference signal "R" 
proportionately, in order to maintain the same level of 
inhalation sensitivity. 

An antifalsing circuit 17 is connected to the 
output of the inhalation detection circuit 24. The 
antifalsing circuit 17 comprises a series resistor and 
10 micro farad capacitor shunted to ground, as shown in 
block form in Figure 1. The resistor and capacitor in 
this circuit 17 slow down the output of the 
differential operational amplifier in the inhalation 
detection circuit 24 to prevent short duration pulses, 
which characterize "critical flow limitations" (reduced 
inhalation), from being sensed as normal inhalation. 

A timing circuit 27, which comprises a NE556 
one-shot circuit,-, in a monoetabJe configuration, acts 
to time the duration between "logical" ones from the 
output of the antifalsing circuit 26. The timing 
circuit 27 sends its output to a selector circuit 31. 
The selector circuit 31 is for example, a Gordos, model 
836C-1 relay, driven by a NPN transistor type 2N2102. 
The selector circuit 31 selects one of two reference 
voltages generated in the output reference circuit 33, 
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and sends it to a pressure decay circuit 34 and then 
into a speed control unit 38. The output reference 
circuit 33, as shown in block form, in Figure 1, is 
comprised of a multi turn 10 K Ohm trimpot in series 
with a 10 K Ohm fixed resistor, connected between a 
positive voltage source and ground. A 10 micro farad 
electrolytic capacitor is connected from the voltage 
tap on the voltage divider circuit in the output 
reference circuit 33 to provide stable voltage for 
transmission to the pressure decay circuit 34. 

The pressure decay circuit 34, is comprised 
of an operational amplifier, for example, a National 
Semiconductor LM-358, which charges a 10 micro farad 
electrolytic capacitor through a signal diode, for 
example a type IN 4148, and a 100 K Ohm multi-turn 
trimpot . 

A 4.7 M Ohm fixed resistor is placed in 
series with a 5 M Ohm multi-turn trimpot. This 
resistor combination is placed in parallel with the 10 
micro farad electrolytic capacitor, to provide an 
adjustable bleed down of the resulting voltage. This 
voltage is then sent to a second operational amplifier, 
such as a National Semiconductor d-358, to provide the 
needed current to drive the blower speed control unit 3 8 

The blower speed control unit 38, part of a 
system, which includes the blower unit 12 'and blower 
motor 16, is manufactured for example by Ametek Lamb 
Electric Division of Kent, Ohio. 

A maximum pressure detector 29 is in 
communication with the output line of the noise filter 
23 and the input line of the timing circuit 27. The 
pressure detector circuit 29 is comprised of a high 
gain differential operational amplifier, for example, a 
National Semiconductor LM-339, with a reference voltage 
applied to negative input, as shown in block form in 
Figure 1. The voltage is adjusted during 
assembly/testing so that the output of the high gain 
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operational amplifier goes -high- or logical one, when 
a maximum pressure of 20 cm. of water is reached. The 
output of the high gain differential operational 
amplifier is sent to the timing circuit 27 to reset the 
NE 556 timer and select the low output reference 
voltage and returns the blower unit 12 to its base 
level setting of 2.5 cm of water, through the 
components previously described. 

Referring again to Figure 2a, mask pressure 
as a function of time is shown, for a normal breath 
duration -X-, and a reduced breath, duration -Y- . This 
reduced breath is the graphical representation of the 
-critical flow limitation-. This mask pressure, in cm. 
of water, is measured by the flow sensor 28 through the 
first and sensor conduits 21 and 26. Pressure is shown 
on the vertical axis, whereby increased pressure is 
shown in the -up- direction and reduced pressure is 
shown in the -down- direction. At point 1 in Figure 
2a, the patient begins a normal inhalation. The 
resultant flow reduces the mask pressure so as to pull 
the sensor signal -M" significantly below the dynamic 
reference signal -R- . At point 2 of Figure 2a, while 
the patient continues to inhale, the dynamic reference 
signal »R» drops below the airflow sensor signal -M" . 

The capacitors in the dynamic reference 
circuit 25 provide the time lapse, to establish the 
slow rate of change in the dynamic reference signal 
"R". The voltage divider of the dynamic reference 
circuit 25 provides the force to drive the dynamic re- 
ference signal «R" below the airflow sensor signal »M» . 

At the end of the patient inhalation cycle, 
indicated as point 3, in Figure 2a, the voltage divider 
in the dynamic reference circuit 25 has returned the 
dynamic reference signal "R» well below the airflow 
sensor signal "M" . 

When the patient begins to exhale, the 
airflow sensor signal "M" rapidly rises to a peak, 
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indicated at point 4, in Figure 2A. The capacitors in 
the dynamic reference circuit 25 do not allow the 
dynamic reference signal to increase at the same 

rate as the airflow sensor signal "M" . 

Por purposes of example, the next inhalation 
of the patient shown is not a full inhalation and 
represents a critical flow limitation that begins at 
point 5 in Figure 2A. The airflow sensor signal "M" is 
shown being pulled below the dynamic reference -signal 
"R" for a greatly reduced period of time, at point 6, 
because the reduced pressure during inhalation allows 
the patient's airway to constrict. It is to be noted 
that the dip in amplitude at point 6 is the same as 
that of a normal breath. Once the airway has narrowed, 
as at point 6, the airflow sensor signal -M- rises 
because the patient no longer draws in air (inhales 
sufficient air) to pull the airflow pressure signal -M- 
down. The remaining portion of the curve represents 
the reduced volume of air taken in by the patient. The 
two breaths shown may be followed by a repeat of either 
of them. 

in Figure 2b, there is shown a representation 
of the output of the inhalation detector 24 with 
respect to time, corresponding to the time base, as 
identified in Figure 2a. 

In Figure 2b, the inhalation signal is shown, 
which is generated by the high gain differential 
amplifier of the inhalation detection circuit 24. The 
output of this amplifier goes from logical zero to 
logical one at point 1 on Figure 2b, which corresponds 
to the location of point 1 on Figure 2a. 

The output of this amplifier remains at 
logical one until the signal reaches point 2. which 
corresponds to the location of point 2 on Figure 2a. 
Then the output of the amplifier switches to logical 
zero at this time, and remains there until the sensor 
signal »M» drops below the dynamic reference signal 
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"R", as indicated at the corresponding location of 
point 5 on Figure 2a. 

The output of the amplifier remains at 
logical one until the sensor signal -M- rises above the 
dynamic reference signal »R«, a « indicated at the 
location of point 6, in Figures 2a and 2b. At that 
time, the output of the amplifier drops to logical zero 
and remains there until patient inhalation is detected 
by the airflow sensor. Figure 2b shows the false 
inhalation detection, corresponding to the time between 
points 5 & 6 of Figures 2a and 2b, which is a very 
short time duration (on the order of a tenth of a 
second) . 

Figure 2c shows how the time delay in the 
antifalsing circuit 26 modifies the signal sent to the 
timing circuit 27 by delaying the leading edge -E" of 
the square wave and totally eliminating the false 
inhalation detection wave -P- indicated in Figure 2b. 

At the location of point 1 in Figure 2c, 
which corresponds to point 1 on the time line for 
Figures 2a and 2b, the output of the antifalsing 
circuit is logical zero because of the capacitance 
causing the delay in the antifalsing circuit. 

A point, indicated on the time scale, as 
-1A», represents the output of the antifalsing circuit 
changing to a logical one. 

This logical one resets the timer circuit 27 
and keeps the blower 12 at its base level. 

At a location which is an approximate 
correspondence to-, the location of point 2 on Figures 2a 
and 2b, the output of the antifalsing circuit returns 
to logical zero and allows the timer 27 to begin 
counting until the next inhalation is detected, thus 
establishing a breath to breath analysis by the system 
10, upon the patient attached thereto. 

Figures 2a, 2b and 2c represent "inhalation" 
which is the breath attribute being monitored on a 
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single breath basis by the present invention. 

The operation of the system is based on the 
definition of sleep apnea syndrome (SAS) . A patient 
has an apneic event if breathing ceases or is 
critically reduced for at least 10 seconds. The system 
10 treats sleep apnea syndrome (SAS) with a 
continuously increasing airway pressure to restore 
airway patency. The system 10 supplies the patient 
with a constant low pressure (e.g. 2.5 cm of water) 
flow of air during periods of normal breathing. The 
system 10 times the interval from breath to breath of 
the patient during periods of normal breathing on the 
sensor circuit 28. Should the patient develop critical 
flow limitation for a prolonged period (e.g. 8 
seconds) , the system 10 will respond by continuously 
increasing pressure to the patient to restore airway 
patency. The system 10 can reach maximum pressure, 
which is about 20 cm of water, within 10 seconds of the 
last normal breath. This pressure is generally 
accepted as the maximum pressure required to treat the 
most severe cases of SAS. 

The airflow sensor 28 and associated 
circuitry detects normal inhalation. The system 10 
then times the interval between inhalations to 
determine if response is necessary. The breath to 
breath sensing and timing could be accomplished with 
exhalation or with changes between inhalation and 
exhalation. The key principle is diagnosing and 
treating "critical flow limitation", regardless of 

airway pressure. 

The system 10 responds to prolonged critical 

flow limitations (greater than 8 seconds) , by 
increasing pressure in a continuous manner up to a 
point of normal inhalation as determined by the 
patient's physiological response, whereupon the system 
10 begins a gradual ramp down in pressure over an 
extended period of time (e.g. at least about 30 



- 18 



seconds) to reach its constant low pressure base level 
of 2.5 cm of water, as shown in Figure 3, which decline 
in pressure is controlled by the pressure decay circuit 
34, as shown in Figure 1. The blower unit 12 and the 
motor 16 of the system 10 can increase from the base 
output of approximately 2.5 cm of water to 
approximately 20 cm of water in less than 2 seconds. 
The system 10 thus responds if it fails to detect a 
normal inhalation within about 8 seconds. This 
response allows the system 10 to restore airway patency 
in less than 10 seconds; thereby preventing an apneic 
event. The system 10 maintains an elevated pressure 
during the gradual ramp down, as aforementioned, to 
insure that the patient's airway remains patent after 
the restriction or flow limitation has been overcome, 
and to permit the patient to continue normal breathing. 
The inhalation detector 24 is able to detect inhalation 
while the blower unit 12 is increasing the output from 
2.5 to 20 cm of water. The speed of the inhalation 
detector 24 allows the system 10 to administer only the 
appropriate pressure to restore the airway patency. 
The inhalation detector 24 can stop the blower unit 12 
from acceleration, and begin the gradual aforementioned 
ramp down of pressure at output levels corresponding to 
where the patient hae a normal inhalation between the 
base output and the maximum output, as shown for 
example at the location "I" in Figure 3. 

Figure 3 is a graphical representation of the 
pressure changes in the mask 20, with the "pressure" 
shown on the vertical axis, and the "time" on the 
horizontal axis. Point "C" on the curve represents the 
onset of critical flow limitation, and point "D" on the 
curve shows the beginning of pressure increase in the 
system (8 seconds after point »C") . The maximum point, 
shown at the location "I" shows the immediate pressure 
drop associated with a normal inhalation. The maximum 
pressure reached is limited by the spontaneous 



- 19 



inhalation of the patient. The normal inhalation 
continues until point "E- on the curve of Figure 3, at 
which point the pressure begins to rise as a result of 
patient exhalation. A subsequent breath begins at the 
point marked "SB" during the gradual ramp down in 
pressure. This curve of Figure 3 clearly depicts how 
the system 10 limits a specific pressure increase to 
that required by the patient's immediate physiological 
needs . 

In operation, the system 10 will generate a 
pressure rise only to the pressure required to restore 
normal breathing. It is important to use a dynamic 
reference signal to detect inhalation of a patient on 
positive pressure therapy because the patient can not 
easily create inhalation pressure below ambient. The 
pressure required to restore airway patency in any 
given patient will be different at any given time and 
the dynamic reference circuit 25 of the present 
invention, is required to detect these critical flow 
limitations while the patient is on positive airway 

pressure therapy. 

When normal breathing is re-established, 
(continued normal inhalation in less than 8 second 
intervals) , the system 10 will return to the 
comfortable low pressure base output (e.g. 2.5 cm. of 
water) . 

The system 10 adds an additional feature that 
prevents the unit from dwelling at maximum output in 
the event that breathing cannot be re-established. 

This automatic kick down circuitry uses a 
fixed reference of about 20 cm of water to reset the 
timer and reduce blower output. 

Thus what has been shown is a novel system 
for restoring airway patency, breath to breath, to a 
patient attached to the system. 
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C L A T M g 

1 " A "spiratory system for overcoming a critical 

airflow limitation as required by a patient connected to said 
system, comprising: 

airflow generating means; 

a delivery conduit in communication with said 
airflow generating means to direct a base level air pressure 
to the airway of the patient; 

an air sensing means arranged in fluid 
communication with said delivery conduit for detecting, on a 
continual basis, any changes in airflow to the airway of the 
patient; 

detection means arranged in communication with said 
air sensing means for continually providing a real time 
inspiratory breath attribute signal of the patient to a 
central circuit; 

reference signal means arranged with said sensing 
means for continually providing a real time dynamic tracking 
signal from said real-time inspiratory breath attribute 
signal; and 

decision means of said central circuit arranged to 
utilize said real-time inspiratory breath attribute signal 
and said real-time dynamic tracking means to identify a 
critical airflow limitation to the airway of the patient, 
said decision means arranged with said airflow generating 
means to continuously increase air pressure from said airflow 
generating means to restore airway patency, and to 
instantaneously stop increasing and to begin decreasing air 
pressure, at a lesser rate and in a curvilinear fashion upon 
detection of a normal inspiratory flow of air to the 
patient's airway. 

2. The respiratory system as recited in claim 1, 

wherein said decision means is arranged to continuously 
increase air pressure from said airflow generating means when 
said real-time inspiratory breath attribute signal exceeds 
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said real-time dynamic reference tracking signal for a 
predetermined time duration, said decision means being 
arranged to stop increasing and begin decreasing, at a much 
lesser rate, said airflow generating means when said real- 
time inspiratory breath attribute signal is less than said 
real-time dynamic reference tracking signal for a second 
predetermined minimum time duration. 

3 The respiratory system as recited in claim 2, 

wherein said detection means differentiates between a normal 
and an abnormal single breath inspiratory flow attribute. 

4. The respiratory system as recited in claim 3, 
wherein said detection means utilizes a time based amplitude 
measurement to differentiate between said normal and abnormal 
breath attributes. 

5 . The respiratory system as recited in claim 4, 
wherein said first predeterminable time duration is the 
maximum duration of time a patient can tolerate airflow 
limitation and not suffer detrimental blood oxygen 
desaturation and physiological sleep disruptions therefrom. 

6. The respiratory system as recited in claim 5, 
wherein said second predeterminable time duration is the 
minimum duration of peak inspiratory flow required to be 
characterized as a normal inspiratory breath attribute. 

7. The respiratory system as recited in claim 6, 
comprising further means for triggering said airflow 
generating means to stop increasing air pressure and begin 
decreasing, in a curvilinear fashion and at a much lesser 
rate, when said airflow generating means reaches the preset 
maximum pressure output level prior to said real-time single 
breath attribute signal being less than said real-time 
dynamic reference tracking signal for a second 
predeterminable minimum time duration. 

8 The respiratory system as recited in claim 7, 
including means for adjusting the magnitude of said base 
level pressure. 

9 A method of overcoming a constriction or critical 
airflow limitation of the airway of a patient attached to a 
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respiratory system, comprising the steps of: 

generating a constant low rate of air pressure from 
an airflow generator; 

directing a constant rate of air pressure through a 
delivery tube to a nasal mask worn by the patient; 

receiving a flow of air from the patient by a 
sensing means in said system; 

detecting a critical airflow limitation in the 
airway of the patient by sensing, breath to breath, a 
prolonged absence of a normal inspiratory flow signal; 

signaling said airflow generator to continuously 
increase the air pressure therefrom, upon detection of a 
restriction or critical airflow limitation, so as to restore 
patency in the patient's airway; 

stopping the increasing air pressure to the patient 
upon sensing of a normal inspiration down the patient's now 
open airway; and 

triggering a subsequent signal to said generator to 
diminish the air pressure to the patient's now patent airway, 
to its prior constant low base level. 

10. The method of claim 9, wherein said decision means 

is arranged to continuously increase air pressure from said 
airflow generating means when said real-time inspiratory 
breath attribute signal exceeds said real-time dynamic 
reference tracking signal for a predetermined time duration, 
said decision means being arranged to stop increasing and 
begin decreasing, at a much lesser rate, said airflow 
generating means when said real-time inspiratory breath 
attribute signal is less than said real-time dynamic 
reference- tracking signal for a second predetermined minimum 
time duration. 

11. The method as recited in claim 10, wherein said 
detection means differentiates between normal and abnormal 
single breath inspiratory flow attributes. 

12. The method as recited in claim 11, wherein said 
first predeterminable time duration is the maximum duration 
of time a patient can tolerate airflow limitation and not 
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suffer detrimental blood oxygen desaturation and 
physiological sleep disruptions therefrom. 
13. The method as recited in claim 12, wherein said 

second predeterminable time duration is the minimum duration 
of peak inspiratory flow required to be characterized as a 
normal inspiratory breath attribute. 

14# a system for overcoming airway obstruction or 

restriction on demand, in a patient connected to the system, 
the system comprising: 

an airflow generating means, a delivery conduit in 
communication with said airflow generator and a mask worn by 
a patient so as to direct a flow of air to the patient, and 
an air sensing means in communication with said mask and 
adapted to rapidly change the air pressure from said airflow 
generating means upon the detection of a change in the airway 
of the patient wearing said mask. 

15. A respiratory system as recited in claim 14, which 

includes: 

a means for controlling the air pressure from said 
airflow generating means as it is sensed by the sensing 

means . 

16 A respiratory system as recited in claim 15, 

wherein said mask has a constant rate of air pressure 
directed to it, which rate is increased upon the detection of 
a prolonged airway obstruction or restriction from the 
patient wearing said mask. 

17 . A method of overcoming a restrictive or obstructive 

condition of the airway of a patient attached to a demand 
positive airway pressure system, which system includes the 
steps of:' 

generating a constant rate of air pressure from the 

airflow generator; 

directing a constant rate of air pressure from said 
airflow generator through a delivery tube to a nasal mask 

worn by the patient; 

directing a flow of air from the patient to a flow 

rate sensor; 
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detecting an obstruction or restriction in the 
airway of the patient by sensing a prolonged diversion of air 
flow through said sensor; and 

signaling the airflow generator to increase the air 
pressure therefrom to push open the obstruction or 
restriction in the patient's airway. 

18. The method of claim 17, which also includes the 

steps of: 

reducing the air pressure to the flow rate sensor, 
due to a diversion of airflow down the patient's now 
unobstructed airway; and 

triggering a subsequent signal to the airflow 
generator to diminish the air pressure to the now 
unobstructed patient, to its prior normal constant low level. 
19 • A respiratory system substantially as hereinbefore 

described with reference to, and as illustrated in, the accompanying 
drawings . 

20. A method of overcoming a constriction or airway limitation 

of a patient substantially as hereinbefore described with reference to, 
and as illustrated in, the accompanying drawings. 
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